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Description
FIELD OF THE INVENTION

[0001] This invention relates to electrical contacts on
optoelectronic devices such as light-emitting diodes
(LEDs).

BACKGROUND

[0002] Optoelectronic devices such as light-emitting
diodes (LEDs) emit light in response to an excitation sig-
nal. A typical LED is a heterostructure that has been de-
posited on a host substrate via a growth technique such
as liquid phase, hydride phase, molecular beam, and
metal-organic phase epitaxy. The heterostructure in-
cludes n and p-type semiconductor layers that sandwich
active light producing layers. Electrical contacts are at-
tached to the n and p-type semiconductor layers. When
a forward voltage is applied across the contacts, elec-
trons and holes are injected from the n and p-type sem-
iconductor layers into the active region. Lightis produced
when the electrons and holes radiatively recombine in
the active layer(s).

[0003] Wall-plug efficiency is the amount of light power
produced compared to the electrical power applied. High
wall-plug efficiency can be achieved by maximizing the
total efficiency of the device. The total efficiency of the
deviceis a product of the various efficiencies of the device
including the injection, internal quantum, and light extrac-
tion efficiencies. The first two parameters depend on the
material quality of the device (epitaxial growth and elec-
tronic band structure) while the light extraction efficiency
depends on the geometry and all the light absorption
present in the device.

The light extraction efficiency is the ratio of the amount
of light leaving the LED compared to the amount of light
generated inside the LED. One way to increase the light
extraction efficiency is to reduce the absorption and re-
direct light into useful (higher extraction) directions.
Therefore, absorbing paths in the device should be avoid-
ed and light should be scattered into the proper escape
cones of the device. The angle of the escape cones de-
pend on the refraction indices of the light-producing sem-
iconductor and the exiting medium, (e.g. for GaN into air
the angle of the escape cone is 25°). The electrical con-
tacts are one example of light absorption in a typical LED.
Therefore, it is preferable to reduce the absorption and
for some devices also to increase the reflectance in these
electrical contacts. This must be done without compro-
mising the contact resistance. Resistance in the electrical
contacts leads to wasted energy (electricity) thus lower-
ing the wall-plug efficiency.

[0004] Highly reflective ohmic contacts are desirable
in LEDs. There are many prior art approaches to creating
these types of contacts. The simplest way is to use a
thick sheet of the ohmic contact metal. This thick sheet
acts as a contact and reflector. A good reflector is one
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that absorbs less than 25% from an incident hemispher-
ical isotropic light source. Therefore, isotropic light will
lose less than 25% of its intensity after reflecting off of
this medium (e.g. a maximum reflection of >75%). For
the entire visible spectrum (400nm - 750nm), this leaves
two metals that fit the requirement: Al and Ag. Other met-
als that work in only parts of the visible spectrum are Au,
Rh, Cu, and Pd. Although a single thick sheetis preferred,
these metals do not always make good ohmic contacts
to the selected material system. There are additional re-
liability issues with the use of Ag because of electromi-
gration, and Cu because it may diffuse into the light-pro-
ducing active region thereby creating deep levelsin some
semiconductor materials hindering light output.

[0005] One prior art approach, disclosed by Chai, et
al.in U.S.P.N. 4,355,196, is to pattern the ohmic contact
metal, and overlay the ohmic patterned metal with a re-
flective metal. Although Chai, et al. teaches a reflective
contact with a solar cell device, the idea can be extended
to all other optoelectronic devices including LEDs. This
patterned contact is not advantageous when used on a
device with semiconductor layers that do not spread cur-
rent efficiently laterally (i.e. a low conductivity semicon-
ductor such as p-GaN with a resistivity, p, greater than
0.5 Q-cm). The low conductivity semiconductor cannot
spread current efficiently from the patterned contact;
therefore electrical carriers will not be injected uniformly
into the active light-producing region of the device. Non-
uniform injection reduces the wall-plug efficiency of the
device. Also, patterning of the contacts adds additional
complicated processing steps. Any non-uniformity of the
pattern will be manifest in non-uniform current injection
and light generation. For low conductivity semiconductor
devices, the ohmic contact needs to be a uniform sheet.
This type of approach is described by Aegenheister, et
al. in EP0051172, although not for reasons of uniformly
injecting in low conductivity semiconductor devices. It
teaches using an Au/Ge (ratio 99:1) ohmic layer that is
200A thick. Although this ohmic contact layer is thin for
along wavelength emitting device, this contactis too thick
for adevice emitting in the visible spectrum (i.e. at 505nm
absorption ~29%). Also, the overlaying reflective metal
is Ag. Ag is known to electro-migrate (when used as a p-
contact) in devices that operate with high electric fields
in humid environment (accelerated) life tests, thus short-
ing out the device and rendering it useless. Therefore,
electro-migrating electrical contacts are not useful in
commercial LEDs. A multi-layer highly reflective ohmic
contactis also describedin P.M. Menszet. al., Elec. Lett.,
33, 2066-2068 (1997) where the contact is Ni/Al or Ni/Ag
to p-GaN for a GaN based LED. This approach is also
problematic because its operating forward voltage (V;) is
5V at 20mA (for a 300p.m x 300p.m contact area). This
voltage is 1.5 to 2.0 V too high for a GaN LED of that
size, indicating that the contact is not ohmic and that spe-
cific contact resistance is too high. The additional contact
resistance decreases the wall-plug efficiency of the LED
device.
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[0006] JP 11-220168 discloses a light-emitting device
having a multi-layer p-side contact. This multi-layer con-
tact is formed by a thin metal layer for providing good
ohmic contact with the p-type semiconductor, and a thick
metal layer deposited on top of the thin metal layer for
reflecting the light emitted by the light-emitting device.
[0007] EP 926 744 discloses a light-emitting device
having a reflective and non-transparent silver layer pro-
vided on the p-type semiconductor layer. On top of the
silver layer, a bonding layer for wire-bonding is provided.
Between the silver layer and the bonding layer, a diffusion
barrier layer is provided in order to prevent constituents
of the bonding layer from diffusing into the silver layer.
[0008] JP06-045651 discloses a SiC-based light-emit-
ting device having a reflective n-contact which includes
a silver layer and a nickel layer.

[0009] DE 41 13 969 discloses a method for manufac-
turing an ohmic contact for a semiconductor device. Ac-
cording to the method, a layer of Au-Ge is first provided
on the semiconductor material. Thereafter, a layer of Au
is deposited on top of the Au-Ge layer. Finally, the device
is heated, such that a homogeneous contact layer is
achieved.

SUMMARY OF THE INVENTION

[0010] A high performance, highly reflective ohmic
contact, in the visible spectrum (400nm - 750nm) has the
following multi-layer metal profile. First, a uniform ohmic
contact material is deposited and optionally alloyed to
the semiconductor surface. The ohmic contact material
is thin (<200A) to reduce any absorption associated with
it (below 25%), but is thick enough to keep the specific
contact resistance below 10-2 Q-cm2. A low contact re-
sistance ensures a low forward operating voltage and
low resistive electrical losses. The maximum ohmic con-
tact metal thickness will depend greatly on the type of
reflector material to achieve a reflectivity of greater than
75%. A reflector layer selected from a group including
Al, Cu, Au, Rh, Pd, Ag and any multi-layer combinations
is deposited over the ohmic contact material. The appro-
priate reflector layer yields a combined multi-layer con-
tact reflectivity that has an absorption, from an incident
hemispherically isotropic light source, of < 25% (reflect-
ance > 75%) at the operating wavelength of the contacted
device. Because the reflectivity of a metal increases
quickly and asymptotically with thickness the reflector
layer should be greater than 500A to achieve the maxi-
mum reflection. The thick reflector layer is also an excel-
lent way to spread current uniformly across the device
especially in low conductivity semiconductors with resis-
tivity, p, greater than 0.5 Q-cm. Although Ag is highly
reflective, it electro-migrates in high electric fields and
humid environments. Therefore, because of reliability is-
sues, Ag is used only in the low operating electric field
embodiments.

[0011] Inaccordance with the invention, a barrier layer
interposes the ohmic and reflector layers to prevent any
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unwanted device-degrading inter-metallics created by
ohmic and reflector layer diffusion. It is desirable to use
a thin barrier metal (<100A) to keep any absorption as-
sociated with it below 25%.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Figure 1 shows a cross-sectional view of a semicon-
ductor device not in accordance with the present in-
vention.

Figure 2 illustrates how the relationship between
contact resistance and forward operating voltage
versus the ohmic layer thickness for a p-GaN con-
tact.

Figure 3 shows the theoretical absorption per pass
and forward operating voltage versus Au thickness
for a p-GaN Au/NiO/Al contact.

Figure 4 shows an embodiment of the present inven-
tion. Figure 5 shows a vertical current LED structure.
Figure 6 shows a lateral current LED structure.

DETAILED DESCRIPTION

[0013] The present invention is a multi-layer contact
that consists of multiple material layers providing high
reflectivity, low specific contact resistance, and high re-
liability. Figure 1 shows a cross-section of a semiconduc-
tor device 10 with a multilayer contact 12. The multi-layer
contact 12 includes an ohmic layer 12A and a reflective
layer 12B. In combination, the ohmic and reflective layers
12A, 12B form a highly reflective ohmic electrical contact
to the semiconductor structure 11. Various optoelectron-
ic semiconductor structures 11 can be used with the mul-
ti-layer reflective contact layers 12.

[0014] Ohmic layer 12A is at least one layer that pro-
vides a good ohmic contact to the semiconductor 11. A
good ohmic contact has minimal voltage drop (linear I-
V) across the semiconductor/metal interface when cur-
rent flows across it. A figure of merit for contacts is their
specific contact resistance. The specific contact resist-
ance varies greatly depending on the semiconductor and
contact material, but a good ohmic contact should have
a specific contact resistance of less than 10-2 Q-cm2. The
ohmic layer 12A, which may be optionally alloyed to the
semiconductor surface, is thin to minimize the absorption
to less than 25% of the light generated in the semicon-
ductor device 10 while being thick enough so that the
specific contact resistance is less than 102 Q-cm2. The
composition of the ohmic layer 12A depends on the ma-
terial system used for the semiconductor structure 11.
The thickness of the ohmic layer 12A depends upon on
how the specific contact resistance increases as the lay-
ers are thinned.
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[0015] Fora p-type GaN material system, the compo-
sition of the ohmic layer is selected from a group that
includes Au, Ni, Pt, Pd, Ti, W, Cr/Au, Ni/Au, Au/NiO,
Pt/Au, Pd/Au, Co/Au, Cu/Au, Ni/Pt, Ni/AuZn, Cr/AuZn,
Ni/Cr/Au, Ni/Pt/Au, Pt/Ni/Au, Pd/Pt/Au, and TiAINiAu.
Figure 2 shows an example of how the contact resistance
increases as the ohmic layer thickness is thinned for a
p-GaN contact. The ohmic layer is Au/NiO and Al is the
reflector layer. The Au is intermixed in the NiO layer. Var-
ious Au/NiO layer thickness are investigated and the for-
ward operating voltage (Vi) at 20mA (contact area =
250pm x 350um) and the barrier voltage (V) across the
contact/p-GaN interface versus Au (NiO) thickness are
measured. The Au/NiO contact are formed by oxidizing
and annealing a bi-layer of Ni/Au (thickness ratio = 2/1)
in @ humid N,/O, (80%/20%) atmosphere at elevated
temperatures (greater than 575°C). This oxidation and
anneal creates the ohmic layer of NiO intermixed with
Au. After oxidation the Al is deposited (~1500A) and the
contacts are patterned by photolithography and etching.
The V, measurement is performed by applying a voltage
between two contacts to the p-GaN, measuring the cur-
rent flow across the p-GaN and contact interfaces and
extrapolating the linear high-current regime to the inter-
cept (zero current). For the given contact area, a specific
contact resistance of less than 102 ohm-cm? has a V,,
less than 50 mV. The V; measurement is performed by
attaching one of the voltage probes to the n-GaN layer
and the other to the p-GaN contact and applying a voltage
across them. For a GaN LED with low specific contact
resistance the V; at 20mA should be less than 3.5V.
Therefore the optimal thickness of Au (Ni) necessary for
low specific contact resistance is ~20-35A (40-70A).
[0016] For an n-type GaN system, the composition of
the ohmic layer is selected from a group that includes Ti,
W, Ti/Al, TiW, W/AI, TiIWAI, V, V/Al, and Pd. GaN LEDs
with Ti/Al (30A/15KA) multi-layer contacts to n-GaN, and
p-GaN contacts of Au/NiO/Al have been fabricated yield-
inga V;=3.0V at 350mA with a 1000 x 1000 wm? contact
area. This Ti/Al contact has a reflectivity of 79%.

[0017] For a p-type GaP system, the composition of
the ohmic layer may include Au/Be, Au/Zn, Pd/Zn/Pd,
Au/Mg, Ni/AuBe, Ni/Au/Zn, Ni/Au/Mg, and In/Zn. For an
n-type GaP system, the composition of the ohmic layer
may include Au/Ge, Au/Ni, Au/Si, Au/Sn, Au/Te, In, In/Al,
In/Sn, Ni/Si, Si/Pd, Pd/In, Ni/Ge/Au, Ni/Si/Au and Sn. For
a p-type GaAs system, the composition of the ohmic layer
may be Ti/Au, Ti/Pt/Au, Au/Zn, AuBe, Au/Mg, Ni/Au,
Ni/Au/Mg, Ni/Au/Be, Ti/Au/Be and In/Zn. For an n-type
GaAs system, the composition of the ohmic layer may
include Ge/Au, Ge/Au/Ni/Au, Au/Sn, Au/Te, In, In/Au,
In/Ni, Pd/Ge, Sn/Ni, and Sn/Sb. For an n-type SiC, the
composition of the ohmic layer may include Pd, Pt, Ai/Si,
Ti, Au, Ni, Cr, Ti/Si, TaSi, and Si/Ni.

[0018] Reflective layer 12B is selected from a group
that includes Al, Cu, Rh, Au, Pd, and Ag, alone and any
combination. Agis used in special cases because of elec-
tromigration issues. Al does not electro-migrate as se-
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verely as Ag and therefore can be used more reliably in
reflective multi-layer contacts.. Using Al as the reflector,
the maximum ohmic layer thickness in the visible region
is 150A for Rh, 200A for Cu, and 100A for Au in order to
achieve a reflectivity of greater than 75%. Ohmic contact
metals that are more absorbing need to be less than 100A
in the visible spectrum. The reflector layer is greater than
500A thick so that no light will pass through; thus maxi-
mum reflectivity is achieved. This layer not only acts as
the light reflector but it also will do most of the lateral
current spreading, because of the thickness. This is ben-
eficial because the ohmic layer 12A is typically too thin
to spread current effectively on its own. Current spread-
ing by a thick reflector layer (>500A) in optoelectronic
devices, has many benefits including low Vi(lower
spreading resistance). Also, the reflector layer connects
any discontinuity in the multi-layer contact created by the
surface roughness of the semiconductor structure sur-
face.

[0019] The Au/NiO/Al contact is a multi-layer contact
with high reflectivity. Figure 3 shows the theoretical av-
erage absorption per pass (at 505nm), and V; (at 20mA)
for the p-GaN Au/NiO/Al contact. The Al thickness is kept
constant at ~1500A, and the deposited Ni/Au thickness
is varied keeping a thickness ratio of 2/1 (before the ox-
idation and anneal). As the Au/NiO contact layer is
thinned, the contact approaches the minimum one pass
isotropic absorption (maximum reflection) of ~13%. Also
as shown above, the V; increases as the Ni/Au thickness
is decreased because of the increase in specific contact
resistance. This illustrates the trade-off between specific
contact resistance and reflectivity. This optimization
technique can be applied to determine the thinnest ohmic
layer to maximize reflection while preserving low specific
contact resistance in multilayer contacts. Also, this opti-
mization of the contact ensures devices with high wall-
plug efficiencies.

[0020] Figure 4 illustrates an embodiment of the multi-
layer contact 22 to a semiconductor device 20 with mul-
tiple contact layers 22A, 22B, and 22C. A barrier metal
layer 22B interposes the ohmic 22A and reflector layers
22C. The barrier layer 22B is used to prevent diffusion
of the ohmic layer 22A into the reflector layer 22C, thus
preventing the creation of any inter-metallics. These in-
ter-metallics could degrade the specific contact resist-
ance and reflectivity of the contact and thus the efficiency
of the device. This is a reliability issue that should be
avoided for long lasting devices. The barrier metal layer
should be kept thin, e.g. <100A, to minimize light absorp-
tion and should be as reflective as possible to contribute
to the reflectivity of the contact. Exact metals will vary
depending on the ohmic 22A and reflector layers 22C
but some candidates include Ni, Co, NiO, Rh, Cr, Pt, Mo,
Ti, TiW, WSi, WSi:N, TaSi, TaSi:N, InSnO or TiW:N. The
contact 22A and reflector 22 C layers provide the same
function as described in the previous example.

[0021] An example of a multi-layer contact as de-
scribed in this embodiment suitable for a p-GaN material
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system has Ni/Au as the ohmic layer 22A, Rh as a barrier
metal layer 22B, and Al as the reflector layer 22C. Just
as in the Au/NiO/Al contact, the Au is preferably ~20-35A
thick to make a good ohmic contact. The Rh is preferably
~25-50A thick to separate the Au from the Al. A GaN LED
with a Ni/Au/Rh/Al (10A/30A/50A/2200A) p-GaN contact
and a Ti/Al n-GaN contact has a V= 3.2 V at 20mA for
a350x250 pmZ2 die. The reflectivity of this contact is 75%.
[0022] Figure 5 shows a vertical current LED structure.
The multi-layer contact is located on the bottom-side of
a LED device 30 that has a conductive substrate 35 so
that contacts can be placed on opposing sides of the
device creating vertical current (perpendicular to the con-
tacts) paths. The top contact 31 is either a small area
contact or a thin full sheet (not shown) to minimize ab-
sorption. The top contact 31 is the electrical contact layer
to the n or p-type semiconductor layer(s) 32 of the LED.
The active light producing region 33 interposes the top
and bottom n or p-type semiconductor layer(s) 32, 34.
Either of the multi-layer contacts shown in Figure 1 or 4
may be used with an ohmic contact layer 36, a reflector
layer 38, and a barrier layer 37.

[0023] In another configuration, the top contact 31,
shown in Figure 5, is also a multilayer contact as shown
in either Figure 1 and 4.

[0024] The material with the greatest reflectivity in the
visible region is Ag. Ag is known to electro-migrate (when
used as a p-type contact) in devices that operate in humid
environment (accelerated) life tests, thus shorting out the
device and rendering it useless. For commercial LEDs it
is desirable to have devices that last for greater than
10,000 hours. LEDs such as the vertical conducting
structure (Figure 5) operate at sufficiently low enough
electric fields (E< 500 v/cm) so that shorting due to Ag
migration will not occur within this time frame. Under
these low field conditions, Ag can be used in the reflector
38 and ohmic contact layer 36.

[0025] An alternate configuration for an LED device 40
with multi-layer contacts is shown in Figure 6. The con-
tacts are attached on the same side of the device be-
cause the substrate 41 is non-conductive to create a de-
vice that relies on lateral current (parallel to the contacts)
to operate. This is made possible by exposing the lower
conducting n or p-type layer 42 by etching. The active
light-producing region 43 interposes the top and bottom
norp-typelayer(s)42,44. Either of the multi-layer contact
shown in Figures 1 and 4 may be used with an ohmic
contact layer 45,48, a reflector layer 47,50, and a barrier
layer 46,49.

[0026] In Figure 6, the LED device 40 could consist of
layers 42,43, and 44 that are materials such as GaN,
InN, AIN, InGaN, AlGaN, AlinN, or InAlGaN that are
grown on a sapphire substrate 41. The semiconductor
layers are contacted by either of the multilayer contacts
shown in Figures 1 and 4. For a GaN device, it is prefer-
able to use Au/NiO/Al or Ni/A h/A1 p-contacts and the
Ti/Al n-contact.
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Claims

10.

A light-emitting device (20) comprising a semicon-
ductor heterostructure having a p-type semiconduc-
tor layer to which a p-contact is electrically connect-
ed, and a n-type semiconductor layer to which an n-
contact is electrically connected, wherein at least
one of said p- and n-contacts is a multi-layer contact
(22) comprising an optically transparent ohmic con-
tact layer (22A), having an absorption of light gen-
erated in the device of less than 25%, provided ad-
jacent to the corresponding semiconductor layer
(21), and areflector layer (22C), located further away
from the corresponding semiconductor layer than
the ohmic contact layer (22A), characterized in that
said light-emitting device (20) further comprises a
barrier layer (22B) provided between said ohmic con-
tactlayer (22A) and said reflector layer (22C) for pre-
venting diffusion of the ohmic contact layer (22A)
into the reflector layer (22C).

A light emitting device (20) according to claim 1,
wherein said multi-layer contact (22) has areflectivity
greater than 75%.

A light emitting device (20) according to claim 1,
wherein the multi-layer contact (22) has a specific
contact resistance less than 102 Q-cm.

A light emitting device (20) according to claim 1,
wherein said barrier layer (22B) is a metal layer hav-
ing a thickness below 100 A.

A light emitting device (20) according to claim 4,
wherein said barrier layer comprises Rh and said
thickness is in the range of approximately 25 A to 50
A

A light emitting device (20) according to claim 1,
wherein said reflector layer (22C) has a thickness
greater than 500 A.

A light emitting device (20) according to claim 1,
wherein said ohmic contact layer (22A) has a thick-
ness less than 200 A.

A light emitting device (20) according to claim 1,
wherein said reflector layer (22C) is selected from a
group that includes Al, Cu, Rh, Pd, and Au.

A light emitting device (30) according to claim 1,
wherein said p- and n-contacts are provided on op-
posing faces of said heterostructure.

A light emitting device (30) according to claim 9,
wherein said ohmic contact layer (236) includes Ni
and Ag.
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11. A light emitting device (30) according to claim 9,

wherein said reflector layer (38) contains Ag.

12. A light emitting device according to any of the pre-

ceding claims, wherein said heterostructure is GaN-
based.

Patentanspriiche

1.

Licht emittierende Anordnung (20) mit einer Halblei-
terheterostruktur, die eine p-Halbleiterschicht, mit
der ein p-Kontakt elektrisch verbunden ist, und eine
n-Halbleiterschicht, mit der ein n-Kontakt elektrisch
verbunden ist, aufweist, wobei zumindest einer der
genannten p- und n-Kontakte ein Mehrschichtkon-
takt (22) ist, mit einer optisch transparenten ohm-
schen Kontaktschicht (22A), die eine Absorption von
weniger als 25% fir in der Anordnung erzeugtes
Licht aufweist, vorgesehen neben der entsprechen-
den Halbleiterschicht (21), und einer Reflektor-
schicht (22C), die weiter weg von der entsprechen-
den Halbleiterschicht liegt als die ohmsche Kontakt-
schicht (22A), dadurch gekennzeichnet, dass die
genannte Licht emittierende Anordnung (20) weiter-
hin eine Barrierenschicht (22B) umfasst, die zwi-
schen der genannten ohmschen Kontaktschicht
(22A) und der genannten Reflektorschicht (22C) vor-
gesehen ist, um Diffusion von der ohmschen Kon-
taktschicht (22A) in die Reflektorschicht (22C) zu
verhindern.

Licht emittierende Anordnung (20) nach Anspruch
1, bei der der Mehrschichtkontakt (22) ein Reflexi-
onsvermdgen von mehr als 75% aufweist.

Licht emittierende Anordnung (20) nach Anspruch
1, bei der der Mehrschichtkontakt (22) einen spezi-
fischen Kontaktwiderstand aufweist, der kleiner als
102 Q/cm ist.

Licht emittierende Anordnung (20) nach Anspruch
1, bei der die Barrierenschicht (22B) eine Metall-
schicht ist, die eine Dicke von weniger als 100 A hat.

Licht emittierende Anordnung (20) nach Anspruch
4, bei der die Barrierenschicht (22B) Rh umfasst und
die genannte Dicke im Bereich von ungefihr 25 A
bis 50 A liegt.

Licht emittierende Anordnung (20) nach Anspruch
1, bei der die genannte Reflektorschicht (22C) eine
Dicke von mehr als 500 A hat.

Licht emittierende Anordnung (20) nach Anspruch
1, bei der die genannte ohmsche Kontaktschicht
(22A) eine Dicke von weniger als 200 A hat
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8.

10.

11.

12.

Licht emittierende Anordnung (20) nach Anspruch
1, bei der die genannte Reflektorschicht (22C) aus
einer Gruppe gewahlt ist, die Al, Cu, Rh, Pd und Au
enthalt.

Licht emittierende Anordnung (30) nach Anspruch
1, bei der die genannten p- und n-Kontakte auf ge-
geniberliegenden Flachen der genannten Hetero-
struktur vorgesehen sind.

Licht emittierende Anordnung (30) nach Anspruch
9, bei der die genannte ohmsche Kontaktschicht
(236) Ni und Ag enthalt.

Licht emittierende Anordnung (30) nach Anspruch
9, bei der die genannte Reflektorschicht (38) Ag ent-
halt.

Licht emittierende Anordnung nach einem der vor-
hergehenden Anspriiche, bei der die genannte He-
terostruktur auf GaN basiert ist.

Revendications

Dispositif émetteur de lumiére (20) comprenant une
hétérostructure semi-conductrice ayant une couche
semi-conductrice du type p a laquelle un contact p
est connecté électriquement et une couche semi-
conductrice du type n a laquelle un contact n est
connecté électriquement, dans lequel au moins un
desdits contacts p et n est un contact multicouche
(22) comprenant une couche ohmique de contact
optiguement transparente (22A) ayant une absorp-
tion de lumiére de moins de 25% qui est générée
dans le dispositif étant prévu d’'une maniére adja-
cente a la couche semi-conductrice correspondante
(21) et une couche de réflecteur (22C) qui se situe
plus loin de la couche semi-conductrice correspon-
dante que la couche ohmique de contact (22A), ca-
ractérisé en ce que ledit dispositif émetteur de lu-
miére (20) comprend encore une couche-barriére
(22B) qui est déposée entre ladite couche ohmique
de contact (22A) et ladite couche de réflecteur (22C)
pour éviter une diffusion de la couche ohmique de
contact (22A) dans la couche de réflecteur (22C).

Dispositif émetteur de lumiére (20) selon la revendi-
cation 1, dans lequel ledit contact multicouche (22)
présente une réflectivité qui est supérieure a 75%.

Dispositif émetteur de lumiére (20) selon la revendi-
cation 1, dans lequel le contact multicouche (22) pré-
sente une résistance de contact spécifique qui est
inférieure a 10-2 Q-cm.

Dispositif émetteur de lumiere (20) selon la revendi-
cation 1, dans lequel ladite couche-barriére (22B)



10.

1.

12,

11 EP 1163 702 B1

est une couche métallique ayant une épaisseur au-
dessous de 100 A.

Dispositif émetteur de lumiere (20) selon la revendi-
cation 4, dans lequel ladite couche-barriére contient
Rh et dans lequel ladite épaisseur se situe dans la
gamme comprise entre approximativement 25 A et
50 A.

Dispositif émetteur de lumiere (20) selon la revendi-
cation 1, dans lequel ladite couche de réflecteur
(22C) présente une épaisseur qui est supérieure a
500 A.

Dispositif émetteur de lumiere (20) selon la revendi-
cation 1, dans lequel ladite couche ohmique de con-
tact (22A) présente une épaisseur qui est inférieure
4200 A

Dispositif émetteur de lumiere (20) selon la revendi-
cation 1, dans lequel ladite couche de réflecteur
(22C) est sélectionnée parmi un groupe qui contient
Al, Cu, Rh, Pd et Au.

Dispositif émetteur de lumiére (30) selon la revendi-
cation 1, dans lequel lesdits contacts p et n sont pré-
vus surles faces opposées de ladite hétérostructure.

Dispositif émetteur de lumiére (30) selon la revendi-
cation 9, dans lequel ladite couche ohmique de con-
tact (236) contient Ni et Ag.

Dispositif émetteur de lumiére (30) selon la revendi-
cation 9, dans lequel ladite couche de réflecteur (38)
contient Ag.

Dispositif émetteur de lumiére selon I'une quelcon-
que des revendications précédentes 1 a 11, dans
lequel ladite hétérostructure est a base de GaN.
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